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SPEECH COMMAND INPUT RECOGNITION SYSTEM FOR INTERACTIVE 
COMPUTER DISPLAY WITH SPEECH CONTROLLED DISPLAY OF 

RECOGNIZED COMMANDS 

Cross-Reference to Related Copending Patent App lications 
5 The following patent applications, which are 

assigned to the assignee of the present invention and 
filed concurrently herewith, cover subject matter related 
to the subject matter of the present invention: "SPEECH 
COMMAND INPUT RECOGNITION SYSTEM FOR INTERACTIVE COMPUTER 

10 DISPLAY WITH MEANS FOR CONCURRENT AND MODELESS 

DISTINGUISHING BETWEEN SPEECH COMMANDS AND SPEECH QUERIES 
FOR LOCATING COMMANDS", Scott A. Morgan et al. (Attorney 
Docket No. AT9-98-344) ; "SPEECH COMMAND INPUT RECOGNITION 
SYSTEM FOR INTERACTIVE COMPUTER DISPLAY WITH TERM 

15 WEIGHTING MEANS USED IN INTERPRETING POTENTIAL COMMANDS 
FROM RELEVANT SPEECH TERMS", Scott A. Morgan et al. 
(Attorney Docket No. AT9-98-342); "SPEECH COMMAND INPUT 
RECOGNITION SYSTEM FOR INTERACTIVE COMPUTER DISPLAY WITH 
INTERPRETATION OF ANCILLARY RELEVANT SPEECH QUERY TERMS 

20 INTO COMMANDS", Scott A. Morgan et al. (Attorney Docket 

No. AT9-98-343); and "METHOD AND APPARATUS FOR PRESENTING 
PROXIMAL FEEDBACK IN VOICE COMMAND SYSTEMS", Alan R. 
Tannenbaum (Attorney Docket No. AT9-97-771). 

Technical Field 
25 The present invention relates to interactive 

computer controlled display systems with speech command 
input and more particularly to such systems which present 
display feedback to the interactive users. 
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Background of Related Art 

The 1990 's decade has been marked by a technological 
revolution driven by the convergence of the data 
processing industry with the consumer electronics 
5 industry. This advance has been even further accelerated 
by the extensive consumer and business involvement in the 
Internet over the past few years. As a result of these 
changes it seems as if virtually all aspects of human 
endeavor in the industrialized world require 
10 human/computer interfaces. There is a need to make 

computer directed activities accessible to people who, up 
to a few years ago, were computer illiterate or, at best, 
computer indifferent. 

Thus, there is continuing demand for interfaces to 
15 computers and networks which improve the ease of use for 
*p the interactive user to access functions and data from 

ut the computer. With desktop-like interfaces including 

U windows and icons, as well as three-dimensional virtual 

J~U reality simulating interfaces, the computer industry has 

Lj 20 been working hard to fulfill such interface needs by 

© making interfaces more user frien&ly by making the 

^ human/computer interfaces closer and closer to real world 

interfaces, e.g. human/human interfaces. In such an 
environment it would be expected that speaking to the 
25 computer in natural language would be a very natural way 
of interfacing with the computer for even novice users. 
Despite the potential advantages of speech recognition 
computer interfaces, this technology has been relatively 
slow in gaining extensive user acceptance. 
30 Speech recognition technology has been available for 

over twenty years but it has only been recently that it 
is beginning to find commercial acceptance, particularly 
with speech dictation or "speech to text" systems, such 
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as those marketed by International Business Machines 
Corporation (IBM) and Kurzweil Corporation. That aspect 
of the technology is now expected to have accelerated 
development until it will have a substantial niche in the 
5 word processing market. On the other hand, a more 
universal application of speech recognition input to 
computers, which is still behind expectations in user 
acceptance, is in command and control technology wherein, 
for example, a user may navigate through a computer 
10 system 7 s graphical user interface (GUI) by the user 

speaking the commands which are customarily found in the 
% systems menu text, icons, labels, buttons, etc. 

fy Many of the deficiencies in speech recognition, both 

in word processing and in command technologies, are due 
fK 15 to inherent voice recognition errors due in part to the 

* status of the technology and in part to the variability 

^ of user speech patterns and the user's ability to 

U remember the specific commands necessary to initiate 

pf actions. As a result, most current voice recognition 

%A 20 systems provide some form of visual feedback which 

O permits the user to confirm that the computer understands 

his speech utterances. In word processing, such visual 
feedback is inherent in this process since the purpose of 
the process is to translate from the spoken to the 
25 visual. That may be one of the reasons that the word 
processing applications of speech recognition have 
progressed at a faster pace. In any event, in all voice 
recognition systems with visual feedback, at some stage, 
the interactive user is required to make some manual 
30 input, e.g. through a mouse or a keyboard. The need for 
such manual operations still gets in the way of 
interactive users who, because of a lack of computer 
skills or other reasons, wish to relate to the computer 
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system in a fully voice activated or conversational 
manner . 

Summary of the Present Invention 

The present invention provides a solution for users 
5 of voice recognition systems who still need visual 
feedback in order to confirm the accuracy of spoken 
commands but need to operate in a "hands-of f " mode with 
respect to computer input. In an interactive computer 
controlled display system with speech command input 
10 recognition, the present invention provides a system for 
confirming the recognition of a command by first 
fl] predetermining a plurality of speech commands for 

M; respectively designating each of a corresponding 

J5j plurality of system actions and providing means for 

<p 15 detecting such speech commands. There also are means 

y '* responsive to a detected speech command for displaying 

^ said command for a predetermined time period, during 

\ u which time the user may give a spoken command to stop the 

system action designated by said displayed command. In 
20 the event that said system action is not stopped during 
said predetermined time period, the system action 
designated by said displayed command will be executed. 
The user need not wait for the expiration of the time 
period if he notes that the displayed command is the 
25 right one, he has speech command means for executing the 
system action designated by said displayed command prior 
to the expiration of said time period. This may be as 
simple as just repeating the displayed command. 



30 



Brief Description of the Drawings 

The present invention will be better understood and 
its numerous objects and advantages will become more 
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apparent to those skilled in the art by reference to the 
following drawings, in conjunction with the accompanying 
specification, in which: 

Fig. 1 is a block diagram of a generalized data 
5 processing system including a central processing unit 
which provides the computer controlled interactive 
display system with voice input used in practicing the 
present invention; 

Fig. 2 is a diagrammatic view of a display screen on 
10 which an interactive dialog panel interface used for 
visual feedback when a speech command input has been 
made; 

py Fig. 3 is the display screen view of Fig. 2 after a 

p; speech command input has been made and part of the time 

15 period for retracting the command has expired; 

& Fig. 4 is the display screen view of Fig. 3 after a 

m 

further part of the time period for retracting the 
H= command has expired; 

J y Fig. 5 is the display screen view of Fig. 4 after 

20 the time period for retracting the command has almost 
fi expired; 

^ Fig. 6 is a flowchart of the basic elements of the 

system and program in a computer controlled display 
with visual feedback system of the present invention for 
25 enabling the spoken retraction of spoken commands; and 
Fig. 7 is a flowchart of the steps involved in 
running the program set up in Fig. 6. 



Detailed Description of the Preferred Embodiment 

Referring to Fig. 1, a typical data processing 
30 system is shown which may function as the computer 
controlled display terminal used in implementing the 
system of the present invention by receiving and 
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interpreting speech input and providing a displayed 
feedback of spoken commands and a time period wherein a 
user may orally stop a command. 

A central processing unit (CPU) 10, such as any PC 
5 microprocessor in a PC available from IBM or Dell Corp., 
is provided and interconnected to various other 
components by system bus 12. An operating system 41 runs 
on CPU 10, provides control and is used to coordinate the 
function of the various components of Fig. 1. Operating 

10 system 41 may be one of the commercially available 

operating systems, such as the OS/2 (TH) operating system 
available from IBM (OS/2 is a trademark of International 
Business Machines Corporation); Microsoft's Windows 95 (TH) 
or Windows NT (TH) , as well as the UNIX or AIX operating 

15 systems. A speech recognition program with visual 

feedback of spoken commands, so that the user may speak 
retractions during set time periods, application 40, to 
be subsequently described in detail, runs in conjunction 
with operating system 41 and provides output calls to the 

20 operating system 41, which implements the various 
functions to be performed by the application 40. 

A read only memory (ROM) 16 is connected to CPU 10 
via bus 12 and includes the basic input/output system 
(BIOS) that controls the basic computer functions. 

25 Random access memory (RAM) 14, I/O adapter 18 and 

communications adapter 34 are also interconnected to 
system bus 12. It should be noted that software 
components, including operating system 41 and application 
40, are loaded into RAM 14, which is the computer 

30 system's main memory. I/O adapter 18 may be a small 
computer system interface (SCSI) adapter that 
communicates with the disk storage device 20, i.e. a hard 
drive. Communications adapter 34 interconnects bus 12 
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with an outside network enabling the data processing 
system to communicate with other such systems over a 
local area network (LAN) or wide area network (WAN), 
which includes, of course, the Internet. I/O devices are 
5 also connected to system bus 12 via user interface 

adapter 22 and display adapter 36. Keyboard 24 and mouse 

26 are all interconnected to bus 12 through user 
interface adapter 22. Manual I/O devices, such as the 
keyboard and the mouse, are shown primarily because they 

10 may be used for ancillary I/O functions not related to 
the present invention, which uses primarily spoken 
commands. Audio output is provided by speaker 28 and the 
speech input which is made through input device 27, which 
is diagrammatical ly depicted as a microphone, which 

15 accesses the system through an appropriate interface 
adapter 22. The speech input and recognition will be 
subsequently described in greater detail, particularly 
with respect to Fig. 2. Display adapter 36 includes a 
frame buffer 39, which is a storage device that holds a 

20 representation of each pixel on the display screen 38. 

Images, such as speech input commands, relevant proposed 
commands, as well as speech input terminology display 
feedback panels, may be stored in frame buffer 39 for 
display on monitor 38 through various components, such as 

25 a digital to analog converter (not shown) and the like. 
By using the aforementioned I/O devices, a user is 
capable of inputting visual information to the system 
through the keyboard 24 or mouse 26 in addition to speech 
input through microphone 27 and receiving output 

30 information from the system via display 38 or speaker 28. 

Voice or speech input is applied through microphone 

27 which represents a speech input device. Since the art 
of speech terminology and speech command recognition is 
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an old and well developed one, we will not go into the 
hardware and system details of a typical system which may 
be used to implement the present invention . It should be 
clear to those skilled in the art that the systems and 
5 hardware in any of the following patents may be used: 
035,671,328; US5, 133,111; US5,222,146; US5, 664,061; 
US5,553,121; and US5,157,384. The speech input to the 
system could be actual commands, which the system will 
recognize, and/or speech terminology, which the user 

10 addresses to the computer so that the computer may 

propose appropriate relevant commands through feedback. 
The input speech goes through a recognition process which 
seeks a comparison to a stored set of commands. If a 
command is identified, the actual command will be 

15 displayed first and subsequently carried out after a set 
time period during which the command may be vocally 
retracted . 

Now with respect to Figs. 2 through 5 we will 
provide an illustrative example of how the present 

20 invention may be used to provide the visual feedback of 
displayed commands, as well as the prompts for retracting 
commands. When the screen image panels are described, it 
will be understood that these may be rendered by storing 
image and text creation programs, such as those in any 

25 conventional window operating system in the RAM 14 of the 
system of Fig. 1. The display screens of Figs. 2 through 
7 are presented to the viewer on display monitor 38 of 
Fig. 1. In accordance with conventional techniques, the 
user may control the screen interactively through a 

30 conventional I/O device, such as mouse 26, Fig. 1, and 
speech input is applied through microphone 27. These 
operate through user interface 22 to call upon programs 
in RAM 14 cooperating with the operating system 41 to 
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create the images in frame buffer 39 of display adapter 
36 to control the display panels on monitor 38. 

The initial display screen of Fig. 2 shows a display 
screen with visual feedback display panel 70. In the 
5 panel, window 71 will show the words that the user 
speaks; these words may contain commands or may bring 
forth associated relevant commands; window 72 will 
display all of the commands. At this point, window 72 is 
still at a prompt stage suggesting to the user commands 

10 which he may wish to use. The user may issue one of 
these commands by speaking it or he may speak another 
command. Either way, the result will be the display of 
the panel of Fig. 3 with the issued command, which, in 
the present example, is one of the suggested commands, 

15 "Paste" being highlighted 75. This commences the run of 
the time period, as signified by timer icon 76, during 
which the execution of the selected command is delayed, 
and the user may stop or retract the command by saying 
"NO" or a like command for stopping the execution. 

20 Figs. 4 and 5 are the panel of Fig. 3 showing the advance 
of the time period toward expiration as indicated by 
timer icon becoming filled up. It should be noted that 
if the user becomes certain that he has the right command 
before the time period has expired, he need not wait for 

25 the command execution; he may vocally confirm his 

selection by issuing an appropriate command and have the 
selected command executed immediately. The system may 
conveniently be set up so that all he has to do is repeat 
his selected command, e.g. "Paste", and the command will 

30 be executed immediately. 

Now with reference to Figs. 6 and 7 we will describe 
a process implemented by the present invention in 
conjunction with the flowcharts of these figures. Fig. 6 
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is a flowchart showing the development of a process 
according to the present invention for providing visual 
feedback to spoken commands so that the user has a time 
period or time delay in the command execution within 
5 which he may vocally confirm or cancel the command. 
First, step 80, a set of recognizable spoken commands, 
which will drive the system being used, is set up and 
stored. Then there are set up appropriate processes to 
carry out the action called for by each recognized speech 

10 command, step 81. A process for displaying recognized 

speech commands is also set up, step 82. A timer process 
for delaying the execution of the selected displayed 
command for a predetermined period is set up, step 83. A 
command is set up or enabled which may be spoken during 

15 the delay period to stop the execution of the selected 
command, step 84. A process is set for stopping the 
execution of the selected command responsive to the 
issuance of a stop command, step 85. Also, a process is 
set up whereby the user may issue a command to confirm 

20 the selected command during the time delay period, 
whereupon the selected command will immediately be 
executed, step 86. 

With this set up, the running of the process will 
now be described with respect to Fig. 7. First, step 90, 

25 a determination is made as to whether there has been a 
command recognized by the system. If No, the process is 
returned to step 90 where such a command is awaited. If 
Yes, then the command is displayed, step 91, so that the 
user now has an opportunity to confirm the command during 

30 a period of time where the execution is delayed. This 

delay is timed by starting a timer, step 92, after which, 
decision step 93, a determination is made as to whether 
the time period of delay is over. If No, a further 
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determination is made as to whether a stop command has 
been issued as yet, decision step 94. If Yes, the 
execution of the selected command is cancelled, step 95, 
and the process is branched via branch "B" to step 98 
5 where a decision is made as to whether the session is 
over, in a manner to subsequently described. If the 
decision from step 94 is No, then the process proceeds to 
step 96 where a determination is made as to whether the 
user has spoken a confirmation of the selected command. 

10 If No, then the process returns to step 93 where the end 
of the time delay period is awaited. If the decision 
from step 96 is Yes, i.e. the user has spoken a 
confirmation of the selected command, or if the decision 
from step 93 is Yes, i.e. the time period of delay is 

15 over, then the process goes to step 97 and the selected 
command is executed. Then, step 98, a determination is 
made as to whether the session is over. If Yes, the 
session is exited. If No, the process is returned to 
step 90 where the next command is awaited. 

20 One of the preferred implementations of the present 

invention is as an application program 40 made up of 
programming steps or instructions resident in RAM 14, 
Fig. 1, during computer operations. Until required by 
the computer system, the program instructions may be 

25 stored in another readable medium, e.g. in disk drive 20, 
or in a removable memory such as an optical disk for use 
in a CD ROM computer input, or in a floppy disk for use 
in a floppy disk drive computer input. Further, the 
program instructions may be stored in the memory of 

30 another computer prior to use in the system of the 

present invention and transmitted over a LAN or a WAN, 
such as the Internet, when required by the user of the 
present invention. One skilled in the art should 



AT9-98-341 



12 

appreciate that the processes controlling the present 
invention are capable of being distributed in the form of 
computer readable media of a variety of forms. 

Although certain preferred embodiments have been 
shown and described, it will be understood that many 
changes and modifications may be made therein without 
departing from the scope and intent of the appended 
claims* 
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1 l. In an interactive computer controlled display system 

2 with speech command input recognition, apparatus for 

3 confirming the recognition of a command comprising: 

4 means for predetermining a plurality of speech 

5 commands for respectively designating each of a 

6 corresponding plurality of system actions, 

7 means for detecting said speech commands, 

8 means responsive to a detected speech command for 

9 displaying said command for a predetermined time period, 

10 speech command means for stopping the system action 

11 designated by said displayed command, and 

12 means for executing the system action designated by 

13 said displayed command in the event that said system 

14 action is not stopped during said predetermined time 

15 period. 

1 2. The system of claim 1 further including speech 

2 command means for executing the system action designated 

3 by said displayed command prior to the expiration of said 

4 time period. 

1 3. The system of claim 2 wherein said speech command 

2 means for executing said system action prior to said time 

3 period expiration is responsive to a repetition of the 

4 detected speech command. 

1 4. A method for confirming speech command input to an 

2 interactive computer controlled display system with 

3 speech command input recognition comprising: 
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4 predetermining a plurality of speech commands for 

5 respectively designating each of a corresponding 

6 plurality of system actions, 

7 detecting said speech commands, 

8 responsive to a detected speech command, displaying 

9 said command for a predetermined time period, 

10 enabling a speech command for stopping the system 

11 action designated by said displayed command, and 

12 executing the system action designated by said 

13 displayed command in th£ event that said system action is 

14 not stopped by said enabled speech command during said 
y 15 predetermined time period. 



i 5. The method of claim 4 further including an enabled 

S 2 speech command for executing the system action designated 

f 3 by said displayed command prior to the expiration of said 

4 time period. 



fU 



1 6. The method of claim 5 wherein said speech command for 

2 executing said system action prior to said time period 

3 expiration is a repetition of the detected speech 



4 command . 



1 7. A computer program having program code included on a 

2 computer readable medium for confirming speech command 

3 input recognition in an interactive computer controlled 

4 display system comprising: 

5 means for predetermining a plurality of speech 

6 commands for respectively designating each of a 

7 corresponding plurality of system actions, 

8 means for detecting said speech commands, 

9 means responsive to a detected speech command for 
10 displaying said command for a predetermined time period, 
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11 speech command means for stopping the system action 

12 designated by said displayed command, and 

13 means for executing the system action designated by 

14 said displayed command in the event that said system 

15 action is not stopped during said predetermined time 

16 period. 

1 8. The computer program of claim 7 further including 

2 speech command means for executing the system action 

3 designated by said displayed command prior to the 

4 expiration of said time period. 

1 9. The computer program of claim 2 wherein said speech 

H; 2 command means for executing said system action prior to 

% 3 said time period expiration is responsive to a repetition 

*p 4 of the detected speech command. 

£ 
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SPEECH COMMAND INPUT RECOGNITION SYSTEM FOR INTERACTIVE 
COMPUTER DISPLAY WITH SPEECH CONTROLLED DISPLAY OF 

RECOGNIZED COMMANDS 

Abstract 

The present invention provides a solution for users 
of voice recognition systems who still need visual 
feedback in order to confirm the accuracy of spoken 
commands but need to operate in a "hands-off" mode with 
respect to computer input. In an interactive computer 
controlled display system with speech command input 
recognition, the present invention provides a system for 
confirming the recognition of a command by first 
predetermining a plurality of speech commands for 
respectively designating each of a corresponding 
plurality of system actions and providing means for 
detecting such speech commands. There also are means 
responsive to a detected speech command for displaying 
said command for a predetermined time period, during 
which time the user may give a spoken command to stop the 
system action designated by said displayed command. In 
the event that said system action is not stopped during 
said predetermined time period, the system action 
designated by said displayed command will be executed. 
The user need not wait for the expiration of the time 
period if he notes that the displayed command is the 
right one; he has speech command means for executing the 
system action designated by said displayed command prior 
to the expiration of said time period. This may be as 
simple as just repeating the displayed command. 
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SET UP PROCESSES TO CARRY OUT 
THE SYSTEM ACTION RESPONSIVE 
TO EACH RECOGNIZED SPOKEN COMMAND 
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SET UP PROCESS FOR DISPLAYING 
RECOGNIZED SPEECH COMMANDS 
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SET UP TIMER FOR TIMING 
DISPLAYED COMMAND FOR SET PERIOD 
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SET UP STOP COMMAND FOR 
STOPPING DISPLAYED COMMAND 
IF SPOKEN DURING SET PERIOD 



SET UP PROCESS FOR STOPPING 
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IN RESPONSE TO STOP COMMAND 
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CARRY-OUT BEFORE END OF 
SET PERIOD 
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listed below) or an original, first and joint inventor (if plural names are 
listed below) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled 

SPEECH COMMAND INPUT RECOGNITION SYSTEM FOR INTERACTIVE COMPUTER DISPLAY WITH 
SPEECH CONTROLLED DISPLAY OF RECOGNIZED COMMANDS 

the specification of which (check one) 

X_ is attached hereto. 

was filed on 

as Application Serial No. 

and was amended on 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the above 
identified specification, including the claims, as amended by any amendment 
referred to above. 

I acknowledge the duty to disclose information which is material to the 
patentability of this application in accordance with Title 37, Code of Federal 
Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 
of any foreign application(s) for patent or inventor's certificate listed below 
and have also identified below any foreign application for patent or inventor's 
certificate having a filing date before that of the application on which 
priority is claimed: 

Prior Foreign Application(s): Priority Claimed 

Yes No 

( Number ) (Country) ( Day/Month/Year ) 

I hereby claim the benefit under Title 35, United States Code, §120 of any United 
States application(s) listed below and, insofar as the subject matter of each of 
the claims of this application is not disclosed in the prior United States 
application in the manner provided by the first paragraph of Title 35, United 
States Code, §112, I acknowledge the duty to disclose information material to 
the patentability of this application as defined in Title 37, Code of Federal 
Regulations, §1.56 which occurred between the filing date of the prior 



Page 1 of 3 



DOCKET NUMBER: AT9-98-341 

application and the national or PCT international filing date of this 
application: 



(Application Serial #) (Filing Date) (Status) 

I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent 
issued thereon* 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys 
and/or agents to prosecute this application and transact all business in the 
Patent and Trademark Office connected therewith. 

John W. Henderson, Jr., Reg. No. 26,907; Thomas E. Tyson, Reg. No. 28,543; Robert 
M. Carwell, Reg. No. 28,499; Jeffrey S. LaBaw, Reg. No. 31,633; Douglas H. 
Lefeve, Reg. No. 26,193; Casimer K. Salys, Reg. No. 28,900; David A. Mims, Reg. 
No. 32,708; Richard A. Henkler, Reg. No. 39,220; Vole! Emile, Reg. No. 39,969; 
James H. Barksdale, Jr. Reg. No. 24,091; Anthony V. England, Reg. No. 35,129; 
Christopher A. Hughes, Reg. No. 26,914; Edward A. Pennington, Reg. No. 32,588; 
John E. Hoel, Reg. No. 26,279; Joseph C. Redmond, Jr., Reg. No. 18,753; Leslie 
A. Van Leeuwen, Reg. No. 42,196; Marilyn S. Dawkins, Reg. No* 31,140; and J. B. 
Kraft, Reg. No. 19,226. 



Send correspondence to: Richard A. Henkler, International Business Machines 
Corporation, Intellectual Property Law Department, Internal Zip 4054, 11400 
Burnet Road, Austin, Texas 78758 and direct all telephone calls to Richard A. 
Henkler, (512) 823-0962. 




FULL NAME OF SOLE OR FIRS^ INVENTOR: Scott Anthony Morgan 

INVENTORS SIGNATURE : yyl^^^^ ^T^y^ DATE : 

RESIDENCE: 3609 Kentf ield Road 
Austin. Texas 78759 

CITIZENSHIP: United States 

POST OFFICE ADDRESS: 3609 Kentf ield Road 

Austin, Texas 78759 
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DOCKET NUMBER: AT9 -98-341 



FULL NAME OF SECOND INVENTOR: David John Roberts 

INVENTORS SIGNATURE: DATE:. 

RESIDENCE: Sycamore Lodge. Church Street 
Stockton. Warwickshire 
United Kingdom CV23 8JG 

CITIZENSHIP: United Kingdom 

POST OFFICE ADDRESS: Sycamore Lodge. Church Street 

Stockton. Warwickshire 
United Kingdom CV23 8JG 



l V. 

m 



FULL NAME OF THIRD INVENTOR: Craig Ardner Swear inqen 

INVENTORS SIGNATURE: G***Gj^>* Su^'y- DATE: ^^//(o/?J? 



RESIDENCE: 8905 Martha's Drive 
m Austin. Texas 78717 

CITIZENSHIP: United States 

POST OFFICE ADDRESS: 8905 Martha 's Drive 

Austin. Texas 78717 



FULL NAME OF FOURTH INVENTOR: Alan Richard Tannenbaum 





I NVENTORS S IGNATURE ^^^y^^C/^^--— DATE : f 

RESIDENCE: 3801 Grevstone Drive 
Austin. Texas 78731 

CITIZENSHIP: United States 

POST OFFICE ADDRESS: 3801 Grevstone Drive 

Austin. Texas 78731 
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